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(54) Polyester resin blends with high-level gas barrier properties 

(57) Compositions comprising a polyester resin and 
a polyamide derived from a dicarboxyiic acid with 6-22 
carbon atoms and from m-xylylene diamine having 
high-level gas barrier properties, obtained by mixing in 
the melted state the polyester resin premixed with a 
dianrrydride of a tetracarboxylic add and the polyamide, 
operating under conditions such as to render the poly- 
meric components rheologically compatible each other. 
The compositions are suitable for preparing containers 
and biaxially-orientated films. 
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E? P0 ^ eSter r6SinS ^ UB8d m <™***** amounts in the production of beverage containers and 

EISL The ^ P;«^rties of aromatic polyester resins are rather limited. In the case of containers for cafconated 
mSTlSSS T T r6SinS> ? P ° 55ibi,i,y 10 Preserve *• b-erages for asufT^t^s^S? 

Ser^^^r^L^ SE?' POfyeS,ef reSinS in * *W the mechanical 

poSS at,er " PreSenC6 ° f P 0 * 8 *" res,n in *° •* the moisture-absorbing tendency of 

[0006] Mixing the resins, however, is difficult because of their poor compatibility in the melted state 
10008) FVomelteartiMklelslhoprefenalcOTiouxl 272660 

S SoTS^S^ 0 '- a J,"" PET ■»*> 6»0*«»i by inje*n hta*™!**) is reduced b, wad. 
so S 2? di^boxy'ic acid is preferabfy suberic, sebacic and dodecanoic acid. 
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[0025] A preferred mixing process consists in extruding the polyester resin with the addition of the dianhydride and in 
subsequently extruding the mixture with the addition of the polyamide. 

[0026] It is possible to work in a single stage by premixing in the extruder the polyester and dianhydride first and then 
adding the polyamide in the extruder. 

[0027] In order to achieve good compatibilization among the polymeric components, their viscosities in the melted 
state has to be very similar. 

[0028] Preferably, the ratio between the viscosity of the polyester and the viscosity of the polyamide is between 0.2:1 
and 4:1. _ ', 

[0029] Operating under the above conditions H is possible to obtain compositions wherein the polyamide is dispersed 
in the polyester matrix with domains having size of less than 1 micron, preferably in the range from 0:2 to 0.4 micron. 
The microstructure was obtained by scanning electron microscope (S.E.M.) of the fracture surface of injection molded 
small bars treated with formic acid to extract the polyamide. The bars obtained according to example 1 have a micro- 
structure wherein the dispersed phase has a size of less than 0.5 micron. The size of the domains in the bars obtained 
from example 1 but without using PMDA are higher than 1.5 micron as average. The microstructure according to the 
invention is characteristic in particular of the blends of poly MXD-6 with PET or copolyethylene thereftalates containing 
up to 25% of units deriving from isophtalic acid. 

[0030] It is surprising that when working under the mixing conditions according to the invention it is possible to obtain 
materials having gas barrier properties (relative to 0 2 and CO2) which are far higher than those obtainable by mixing 
the polyester resin and the polyamide in the absence of the dianhydride of tetracarboxylic acti or by mixing the three 
components of the mixture simultaneously or by first mixing the polyamide with the dianhydride and then adding the pol- 
yester resin. ' — 

[0031 ] Oxygen permeability in 1 .5-liter bottles with an average thickness of 225 microns can be reduced of 4 or more 
times and COg permeability can be reduced by 2 or more times as a function of the content of the polyamide (pMXD-6). 
[0032] The polyester resin is obtained by polycondensation (according to known methods) of terephthalic acid or 
lower diesters thereof with a did with 2-12 carbon atoms, such as for example ethylene glycol, 1,4-butanediol and 1,4- 
cyclohexane dimethylol. The copolyethylene terephthalate is, as mentioned, the preferred resin for preparing contain- 
ers. 

[0033] The polyethylene terephthalate homopolymer can be conveniently used in the preparation of biaxially-oriented 
films. 

[0034] The starting polyester resin used in the preparation of the compositions according to the invention has an 
intrinsic viscosity of 0.3 to 0.8 dl/g. The initial viscosity can be increased by subjecting the resin, premixed with the dian- 
hydride of the tetracarboxylic acid or the mixture containing the polyester resin, the polyamide and the dianhydride, to 
a solid-state polycondensation treatment at temperatures between approximately 1 50 and 230°C for a time and at tem- 
perature conditions sufficient to increase by at least 0.1 units the viscosity of the polyester resin. 
[0035] Since the polyester resin is difficult to separate by solvent extraction in the mixture, the increase in intrinsic 
viscosity of the polyester resin in the mixture is considered similar to the increase in the polyester resin when it is treated 
alone in the same temperature and duration conditions to which the mixture has been subjected. 
[0036] The solid-state polycondensation treatment, in addition to leading to an increase in the intrinsic viscosity of the 
polyester resin, allows to improve the mechanical properties of the compositions, particularly impact resistance. 
[0037] The treatment applied to the polyester resin added of the dianhydride of the tetracarboxylic acid allows to bring 
the viscosity of the resin in the melted state to values which are similar to those of the polyamide resin, particularly when 
the initial polyester resin has relatively low intrinsic viscosity values. 

[0038] The mixing of the polyester with the dianhydride and then with the polyamide is performed in a single- or twin- 
screw extruder. Contrarotating and intermeshing twin-screw extruders are preferred, using residence times of generally 
less than 180 seconds and working at temperatures above the melting temperatures of the polymeric components, gen- 
erally between 200° and 300°C. 

[0039] The biaxially oriented films and containers are prepared according to known methods. For example, bottles for 
beverages are prepared by injection-stretch blow molding; biaxially oriented films are prepared with the double-bubble 
method or by cast-extrusion followed by biaxial stretching. 

[0040] The material according to the invention can also be used to prepare multilayer films comprising, as a core layer, 
a biaxially oriented film obtained from the material according to the invention. 

[0041] Mother application of the blends according to the invention, wherein the polyester resin is a copolyethylene 
therephthalate with 10% or more of units from isophthalic acid resides in the preparation by free blowing of preforms of 
high capacity pouches (5 1, or more) suitable for being filled with liquids such as soft drinks or others. 
[0042] The pouches have high clarity and good mechanical properties. They can be easily folded without breakage 
or stress withening problems. 

[0043] The intrinsic viscosity is measured in solutions of 0.5 g of resin in 1 00 ml of 60/40 solution by weight of phenol 
and tetracWoroethane, at 25°C accorcfing to ASTM standard D 4603-86. 
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EXAMPLES 

[0045] The following examples are given to illustrate but not to Emit the invention. 
EXAMPLE 1 

SSI? 1 ™ k 9( h = ° , i/ cr y s,allized ^utes of copolyethylene terephthalate (COPET) containing 4.5% isophihalic acid 
10047] The operating conditions are: 



Screw rotation rate: 100 rpm 
Cylinder temperature: 280°C throughout the cylinder 
COPET feed: 20kg/h 
PMDA feed: 20 g/h 
20 Residence time: 1.5 min 
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X3 20 - KL 01 c ^ sta,,ized C0PET 0.1% PMDA obtained as mentioned above are fed into a twin-screw 

pelS.* " ^ } 9 3 VKC0Say ** m °" en 5,3,6 at 280 ' C «• 1 °° s*" 1 of shear rate ol 1000 pTs aS 
10051] The conditions for preparing the mixture are the same used for the treatment of COPET with the addition of 

EXAMPLE 2 

SpEVv^TtSt^rJT °' TTZ* PMDA of example 1 is repeated, the only difference being that 

Sen. ^ ' V 01 ^ Pe " e,S ^ 0 81 dl/9 " ^ Pe,,e,S afe CryS,alfaed at 130 ° C in a operating continuously in 
[0054] The pellets are then extruded together with 1 0% by weight of poly MXD-6 in the conditions of example 1 . 
40 EXAMPLE 3 

[0055] The preparation of example 1 (preirrixing of COPET with PMDA and subsequent extrusion with 10% ™iv mxd. 
6) was repeated, with the only difference that the COPET us«f contained 2% isopS Sted an^ 

45 EXAMPLE 4 
50 EXAMPLE 5 

[0057] A composition, prepared according to example 1 , by using in place of COP FT mntnini™ a ida ~ 

I. and are h.ghly clear. They can be folded (when empty) and refilled with liquids °' 5 

[0059] The pouches filled with 5 1, water can withstand a drop impact of 1 m. 
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EXAMPLES 6,7 

[0060] The mixtures obtained according to examples 1 -4 were used to produce 36-g preforms using a Husky injection 
unit, 

[0061 ] The preforms were then blown in a 1 .5- and 2-liter cavity to produce bottles by stretch-blow molding. The thick- 
ness of the 1.5-liter bottles was 225 microns (average value) and the thickness of the 2-liter bottles was 195 microns 
(average value). 

[0062] The permeability characteristics of the bottles with respect to 0 2 and C0 2 are listed in table 1 Gas permea- 
bility was measured at 18°C, 40% RH, using Mocon instruments. 

COMPARISON EXAMPLE 1 

[0063] The preparation of example 1 was repeated, the only difference being that a mixture with 90/10 by weight of 
COPET (containing 2% IPA, with IV * 0.8 dl/g) and of poly MXD-6, not containing PMDA, was extruded. 
[0064] 1 .5-liter bottles were prepared by injection-blow molding in the conditions used in examples 6-7. 
[0065] The permeability to 0 2 and C0 2 of the bottles was much higher than in the bottles of examples 6-7. 

COMPARISON EXAMPLE 2 

[0066] 1 .5-liter bottles were prepared in the conditions of examples 6-7, using a resin formed by COPET with 2% IPA 
and IV=0.8 di/g. - — ■ 

[0067] The data on 0 2 and C0 2 permeability are listed in table 1 . 

[0068] The disclosures in Italian Patent Application No. MI98A001 335 from which this application claims priority are 
incorporated herein by reference. 
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0 2 permeability 












1 .5-liter bottles ml/bott/d/atm 
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0.14 




C0 2 permeability 












1.5-liter bottles ml/bott/d/atm 
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1;5-liter bottles 
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449 




2-liter bottles 




362 


578 


567 




C0 2 permeability 












1.5-liter bottles 
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250 
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Claims 

1 . Biaxially-oriented films and containers formed by using a material obtained by mixing a melted substance compris- 
ing: 

a) an aromatic polyester, premixed with a dianhydride of a tetracarboxylic acid in an amount from 0.01 to 3% 
by weight; 

b) a polyamfcje derived from m-xylylene diamine and from a dicarboxylic acid with 6-22 carbon atoms in an 
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» 2. ^»^a«»^B CJ aim1.».*. ( c m «bo«K(»ca«onai e db»o ag e S . 
3. <*>*a^ 300^10(^1.2.0^^ 

5. CMSm and mm actt^nc, lo dai™ 1-4. wherein Ih.pol^fer^m.xW.o..,*^ 

" * 3333s£S3S£SSS« 

1 3. Pirns according to the preceding claims 5-1 2. obtained by biaxial stretching of f ilms prepared by cast-extrusion. 

14. Rms according to the preceding claims 1 and 5-12. obtained by t**«ng urinfl the douUe-bubble method 

ponents thereof are rheologically compatible. conWng: condfoons that the polymeric com- 

O^a^^iT Premb<ed 8 - 3 «*>^ acid, in an amount between 

b) a polyamide derived from m-xylylene diamine and from a dicarboxvlic acid with fi-?? „ 
amount equal to 1 to 90% by weight on the sum of a) + b). ^ Cart)on a,oms ,n m 

17. A material according to claims 15-16. wherein the polyamide is poly m-xylylene adipamide. 

18. A polymeric material according to cfaims Wir^hd^fc,^^ 
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2 °' iSS?* aCC ° rdin9 10 ° ,aim 1 9 ' Wherein the pol * ester P remixed "»> the dianhydride is subjected to 

soW-state polycondensafon until the intrinsic viscosity of the initial polyester is increased ofat leastOluS 

22 ' mSTf^," 131 ^ ™ C ' aimS 1M1 ' Capabte 01 whose resistance to oxygen per- 

23. A polymeric material comprising an aromatic polyester resin and a polyamkJe derived from dimhnUnr ^ 

JSSTMS fmi^ fe disperced ,n a -'™ ? 

' 5 ^ nW^ ma,eria ' aCC ° rding l ° ^ 23 Wherei " aWraB8 Sbe 01 me domains *«-" 0-2 to 0.4 

25. A polymeric material according to claims 23-24 wherein the polyester resin is a copolvethvtene termhthpi^ mn 
20 ,an,n9 ^ to25%0,unted ^ 
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